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ABSTRACT 

Communications Performance p r e d i c t i o n s  are p r e s e n t e d  
f o r  p o s s i b l e  c o n f i g u r a t i o n s  of t h e  Apol lo  (LN) TJnified S-Rand 
downlink. Th i s  memorandum i s  t h e  second of  t w o  memoranda on 
t h i s  s u b j e c t .  I n  my l a s t  memorandum, w o r s t  case pa rame te r s  
w e r e  used i n  t h e  c i r c u i t  margin c a l c u l a t i o n s ;  h e r e  t h e s e  
p r e d i c t i o n s  are updated  by u s i n g  t h e  pa rame te r s  p u b l i s h e d  f o r  
t h e  Apol lo  1 2  m i s s i o n .  

Using t h e  c u r r e n t  Apollo USR communication system 
p a r a m e t e r s ,  t h e  r e s u l t i n g  c i r c u i t  margins  i n d i c a t e  t h a t  t h e  
m o s t  severe c o n s t r a i n t  on t h i s  system is t h e  r e c e p t i o n  over 
t h e  f requency  modulat ion ( F M )  channe l  of  unc l ipped  voice from 
i n s i d e  t h e  LM and t h i s  c o n s t r a i n t  i s  fo l lowed c l o s e l y  by t h e  
r e c e p t i o n  of color  t e l e v i s i o n  from t h e  l u n a r  s u r f a c e .  

The voice c o n s t r a i n t  i s  n o t  c o n s i d e r e d  t o  be a 
c u r r e n t  problem because  under  p r e s e n t  p l a n s ,  voice t h a t  i s  
t r a n s m i t t e d  over t h e  FM channe l  i s  t r a n s m i t t e d  f i r s t  over t h e  
E x t r a  Veh icu la r  Communications System (FVCS) , and t h e  F W S  
voice i s  c l i p p e d .  
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MEMORANDUM FOR FILE 

This  memorandum prov ides  a d i s c u s s i o n  t h a t  i s  
i n t e n d e d  t o  upda te  and c l a r i f y  t h e  r e s u l t s  p r e s e n t e d  i n  my 
ea r l i e r  memorandum t i t l e d  "Communications Performance o f  
P o s s i b l e  Apol lo  (IN) USB Downlink C o n f i g u r a t i o n s "  d a t e d  
October  23 ,  1969 .  This  d i s c u s s i o n  u p d a t e s  t h e  communications 
performance p r e d i c t i o n s  of  Reference 1 i n  t h e  l i g h t  of now 

a v a i l a b l e  Apol lo  1 2  d a t a 2  and e l a b o r a t e s  f u r t h e r  on t h e  
consequences o f  t h e  margins  c a l c u l a t e d  f o r  t h e  LM downlink. 
These l a t e r  performance d a t a  a r e  summarized i n  Table  I.  

T e l e v i s i o n  

The t e l e v i s i o n  performance d i s c u s s e d  i n  my ea r l i e r  
memorandum i s  t h e  Apollo 11 type  b l a c k  and w h i t e  o n l y .  Using 
t h e  t h r e s h o l d  d a t a  c o n t a i n e d  i n  Reference  2 ,  c o l o r  t e l e v i s i o n  
per formance  can be d e s c r i b e d .  The r e q u i r e d  t o t a l  r e c e i v e d  
power,  s t a t e d  i n  Reference 2 ,  f o r  LM c o l o r  t e l e v i s i o n  i s  
- 1 2 4 . 0  dBw. Acceptable  r e c e p t i o n  of  c o l o r  t e l e v i s i o n  can be  
e x p e c t e d  u s i n g  t h e  h igh  t r a n s m i t t e r  power mode o f  t h e  LM and 
i t s  e r e c t a b l e  an tenna  i n  c o n j u n c t i o n  w i t h  a DSN 2 1 0 '  an t enna  
( r e c e i v e d  s i g n a l  l e v e l  -115.3 dBw) : marg ina l  r e c e p t i o n  i s  
e x p e c t e d  u s i n g  t h e  LM s t e e r a b l e  an tenna  and a DSN 2 1 0 '  
( r e c e i v e d  s i g n a l  l e v e l  -123.6 dBw) o r  t h e  LM e r e c t a b l e  and an  

MSFN 8 5 '  an t enna  ( r e c e i v e d  s i g n a l  l eve l  -123.3 dBw). 

Voice (FM) 

The v o i c e  performance of  t h e  f requency  modula t ion  
modes d i s c u s s e d  i n  Reference 1 c o n s i s t  of two t y p e s  o f  down- 
l i n k  voice. 

1. Voice t r a n s m i t t e d  when t h e  a s t r o n a u t s  are  i n s i d e  
t h e  LM and are n o t  u s i n g  t h e  Ex t ra  V e h i c u l a r  
Communications Systems (EVCS). I w i l l  r e f e r  t o  
t h i s  as LM v o i c e .  

2 .  Voice t r a n s m i t t e d  when t h e  a s t r o n a u t s  are i n s i d e  
o r  o u t s i d e  t h e  LM and are u s i n g  t h e  EVCS. I w i l l  
r e f e r  t o  t h i s  a s  EVCS v o i c e .  
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The m o s t  c u r r e n t  d a t a  a v a i l a b l e  f o r  t h e  r e q u i r e d  ( t h r e s h o l d )  
t o t a l  r e c e i v e d  powers f o r  t h e  LM v o i c e  and EVCS v o i c e  are 
-123.0 and -132.0 dBw r e s p e c t i v e l y .  The c u r r e n t  EVCS voice 
t h r e s h o l d  v a l u e  i s  t a k e n  from Reference  2 ,  b u t  t h e  c u r r e n t  
t h r e s h o l d  v a l u e  f o r  LM voice is t h a t  g i v e n  i n  Reference  1. 

So, t h e  r e c e p t i o n  of LM voice w i l l  h e  a c c e p t a b l e  
u s i n g  t h e  h i g h  power mode o f  t h e  LM w i t h  an e r e c t a b l e  DSN 
210' an t enna  combina t ion ,  b u t  m a r g i n a l  r e c e p t i o n  i s  expec ted  
u s i n g  t h e  LM steerable-DSN 2 1 0 '  and LM e r e c t a b l e  MSFN 85' 
an tenna  combina t ions .  The r e c e p t i o n  of t h e  EVCS v o i c e  w i l l  
be  a c c e p t a b l e  u s i n g  t h e  h i g h  t r a n s m i t t e r  power mode of t h e  
LM i n  c o n j u n c t i o n  w i t h  e i t h e r  t h e  s t e e r a b l e  o r  e r e c t a b l e  
an tenna  and an 85 o r  210 f o o t  e a r t h  based  an tenna .  EVCS 
voice performance i s  e x p e c t e d  t o  be o n l y  marg ina l  u s i n g  t h e  
l o w  power mode of  t h e  LM w i t h  t h e  erectable an tenna  and a 
DSN 2 1 0 '  an t enna .  

S e v e r a l  comments are i n  o r d e r  a t  t h i s  p o i n t  
r e g a r d i n g  v o i c e  t r a n s m i s s i o n  from t h e  LM. The d i f f e r e n c e  i n  
t h e  t h r e s h o l d s  f o r  t h e  LM voice and EVCS v o i c e  l i e s  i n  t h e  
f a c t  t h a t  t h e  EVCS v o i c e  i s  c l i p p e d  ( 1 2  dB) p r i o r  t o  
t r a n s m i s s i o n ,  and t h e  LM vo ice  i s  n o t  c l i p p e d .  Because o f  
t h e  d i f f e r e n c e  i n  t h e  peak t o  r m s  r a t i o s  o f  unc l ipped  voice 
and voice t h a t  i s  c l i p p e d  1 2  dB, more s i g n a l  power (6 -8  dB) 
i s  r e q u i r e d  a t  t h e  i n p u t  of t h e  receiver t o  p r o v i d e  
i n t e l l i g i b l e  LM v o i c e  than  EVCS voice. Both s e r v i c e s  must 
s a t i s f y  t h e  same c r i t e r i a  o f  14 dB r m s  s i g n a l  t o  r m s  n o i s e  
r a t i o  i n  t h e  3 kHz p o s t  d e t e c t i o n  bandwidth.  

Although t h e  margin c a l c u l a t i o n s  i n d i c a t e  t h a t  t h e  
LM v o i c e  channel  i s  t h e  c o n t r o l l i n g  channe l  i n  t h e  LM down- 
l i n k ,  t h e  c o n s t r a i n t  i s  n o t  a s  severe as it may appea r .  I n  
p r a c t i c e ,  t h e  o n l y  t i m e  t h a t  t h e  LM v o i c e  would be  t r a n s m i t t e d  
over t h e  FM channel  i s  i n  t h e  case t h a t  t e l e v i s i o n  i s  
t r a n s m i t t e d  w h i l e  t h e  a s t r o n a u t s  are i n s i d e  t h e  LM. S i n c e  
t h e  p r e s e n t  p l a n n i n g  f o r  l u n a r  surface a c t i v i t y  i n c l u d e s  
t e l e v i s i o n  t r a n s m i s s i o n  on ly  d u r i n g  t h e  E x t r a  V e h i c u l a r  
A c t i v i t y  (EVA) p e r i o d s ,  it i s  n o t  a n t i c i p a t e d  t h a t  t h e  LM 
voice c o n s t r a i n t  i s  c u r r e n t l y  a problem. 

The LM v o i c e  c o n s t r a i n t  i s  mentioned h e r e  and i n  my 
ea r l i e r  memorandum on ly  as i n f o r m a t i o n  t h a t  m e r i t s  c o n s i d e r a t i o n  
i n  t h e  e v e n t  t h a t  LM t e l e v i s i o n  t r a n s m i s s i o n s  are p lanned  i n  
t h e  f u t u r e  d u r i n g  o t h e r  t han  EVA p e r i o d s .  
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PLSS S t a t u s  and EVA Biomedical  Telemetry 

Table  I of  t h e  ear l ie r  memorandum i s  s t i l l  va l id .  
The performance of  t h e  biomed channe l s  i n d i c a t e d  i n  

T e  leme t r v  

The m o s t  c u r r e n t  d a t a  a v a i l a b l e  for  t h e  r e q u i r e d  
t o t a l  r e c e i v e d  s i g n a l  powers f o r  LM t e l e m e t r y  when t r a n s m i t t e d  
i n  an F M  mode are t h e  fo l lowing:  

51.2 kbps TLM w i t h  TV 

51.2 kbps TLM no TV 

1 . 6  kbps TLM w i t h  T V  

1 . 6  kbps TLM no TV 

-131.6 dBw 

-133.2 dBw 

- 1 4 0 . 2  dBw 

-141.8 dBw 

The performance of  t h e  LM t e l e m e t r y  (FM) channel  i s  e x p e c t e d  t o  
be t h a t  summarized i n  Table I. 

Summary 

The performance p r e d i c t i o n s  p r e s e n t e d  i n  my e a r l i e r  
memorandum r e p r e s e n t  w o r s t  case performance and are s t i l l  v a l i d  
f o r  u s e  i n  f u t u r e  m i s s i o n  p l ann ing .  

The r e s u l t s  p r e s e n t e d  h e r e  are i n t e n d e d  t o  c l a r i f y  
and e x t e n d  t h e  ea r l i e r  r e s u l t s .  

Color  t e l e v i s i o n  i s  t h e  m o s t  severe c o n s t r a i n t  on 
t h e  LM t o  ground communications l i n k ,  p rov ided  it i s  t r a n s m i t t e d  
o n l y  d u r i n g  l u n a r  s u r f a c e  EVA p e r i o d s .  I n  t h e  p r e s e n t  equipment 
c o n f i g u r a t i o n ,  i f  t e l e v i s i o n  i s  t o  be t r a n s m i t t e d  on f u t u r e  
m i s s i o n s  d u r i n g  p e r i o d s  when t h e  e x t r a  v e h i c u l a r  communications 
sys t em i s  n o t  u s e d ,  t hen  t h e  LM v o i c e  w i l l  be t h e  m o s t  severe 
c o n s t r a i n t  on t h i s  downlink. 

. .  I I 

2 034-NWS-mbr N. W. Schroeder  

Attachment 
Table  1 
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